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● Design Consists of Several Standard ,,~.,. Fault Tolerant CPU ““‘,, ., :.,. Features,,: ..:. 1553, FDDI,  etc
+

: , . .
- Module SizeSpacecraft Example - hkrCOnnect  BU S

(Distributed Architecture)
II

IWSTRWEN, - Interconned Method

!“”Configured Tb Different Archlte~ures ~ ,“”
- Slng!e Sfr!ng
- Dual String
- TMR .’. >
- Mwl!ipr~~essors
- Dlstrfbuted
- NonDlstrIbuted I
- Others

CPU Module Inheritance from AFC
Modules Wlthln Manufa~ure capablll~ ‘;
of $2VL?EII Vendors
- LORAL
- HUGHES
- nChlp
- Others
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The Space-Cube \

Architecture

Why Modularize?

Can Take Advantage Of Commercially Available
Products
Resulting System Is Easier To Maintain and Repair
Encourages:

– Standard Designs
– Hardware/Software inheritance

Justify The Cost Can
ASIC).
Smaller Modules Are

Modules That Are Used Frequently Enough To
Be Miniaturized (i.& MCM

Easier To Manufacture



! The Space-Cube
Architecture 1

Why Stack Modules?

Resulting Volume IS
J

More Compact
Interconnect Wire Length
More Structurally Sound

s Mifiimized

The Space-Cube Architecture s Possible



Road Map For The Future

tacke
PWBS

Sing
P w

nSTOP

Stacke
Dies

S t a

id of
Stacked
MCMS &
p4/~s

MCMS

1



MODULE PACKAGING

Module

Interconnect
Ring

I
I

I
I

J
{ FEATURES

● Regular Polygon (i.e. Triangle, Square, Hexagon, Octagon, etc.)
● Stackable



[ Interconnect Rings

linjl
noninductive :z ,

2 .
.

noncond

E,,, ,,,, ,,,, ,,,, ,,,, , Racfo Shack C)ual;fy Ccnmcfcr SIm wn.,, .
For CorrcepbJal Purposes Only

FEATURES

● Provides The Interconnection Between Modules
● Single Bus per Side
● Flexible Interconnection
● Busses May Be Selectively Conducted Or Broken
● Each Flavor allowed in all 4 possible orientations

.
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3US
nterface

T.,
* SPACE-BUS

rl!
DRAM

DRAM

+
() ~

DRAM DRAM Bus
●  0 0 I n t e r f a c e

> Internal Bus (

SPACE-BUS

b .
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( Single String Example

I I
I Memory

I

E
CPU

1

1/0

{ FEATURES

Q Single String
● Nothing New

Architecture
Here



Single String Example

CPU

e \

7?1Memory

4

I

EL

f/()

i
I/c

L
/

FEATURES \

● Single String Architecture
● Nothing New Here

\ )
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Dual String Example ~
/ \

Eng

I NOTE: 1 ), FDU contro ls  gateway.
2). Gateway and FDU can be merged Into  one module.

Memory M e m o r y

I

\ 1
I

!/() 1/0

I
t t

Eng 1/0 C r i t i c a l  1/0 Sci 1/0

FEATURES

● Dual String Architecture; Each With Own Bus
● All With No Crossing Wires!!!

Ott 16, 1994; interoffice Memorandum; Savfo  Chau: An o~t!mal Architecture for Pluto Fast Flybyb .
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Dual String Example
\

h

n.+’w.

PWR
CN .
w

AT

‘“’%5”

4

Eng

m
1,

#
1

!/0 1/0

,

C r i t i c a l  !/0 Sci !/0

.
FEATURES

Dual String
All With No

Architecture; Each
Crossing Wires!!!

With Own Bus

L
/

Ott 16, 1994; Interoffice Memorandum; Savlo  Chau: An Optimal Architecture for Pluto Fast Flyby 4



Dual String Example
* Y

n  r_T
lMemOry I pwrnmy  ,

mPwR

Cm.1
CPU

l!__Y
IjjCPU

!

I

1/0 1/0
I

t+’ t
Eng 1/0 C r i t i c a l  1/0 Sci 1/0

FEATURES

●

●

Dual String
All With No

Architecture; Each With Own Bus
Crossing Wires!!!

/
Ott I 6, 199LI;  Interorflce Memorandum; Savlo  Chau: An Optimal Architecture for Pluto Fast Flyby 4

I
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Dual String Example

Eng 1/0

1/0

Criticai 1/0

Eng

F=l F=l
( - n i l
Lru I

I

1++1
/ 0 C r i t i c a l  1/0 Sci 1/0

FEATURES

●

●

Dual String
All With No

Architecture; Each With Own Bus
Crossing Wires!!!

/
Ott 16, !994; Interoffice Memorandum; SaVf O Chau: ArI Opt!mal Arc!? ltecture for Pluto Fast Flybyh A
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Dual String Example

Eng 1/0

t

FlemoPy Memory

4

I I I I

Eng 1/0 C r i t i c a l  1 / 0 Sci 1/0

FEATURES

● Dual String
c All With No

<

Architecture; Each
Crossing Wires!!!

With Own Bus

J
Ott 16, 1994; lnterorflce Memorandum; Savlo  Chau: An OPtlmal Architecture for Pluto Fast Flybyb *



Dual String Example
/ w

Memory

I I u

M e m o r y

Eng

Lrxl
I I_!n

m
,Iel”l

I
1

I1/0

/ 0 C r i t i c a l / 0 Sci 1 / 0

FEATURES

● Dual String
● All With No

Archit
Cross

?cture; Each With Own Bus
ng Wires!!!

1Ott 16, 1994; Interoffice Memorandum; Savlo  Chau:  An ODtlmal Architecture for Pluto Fast Flyby



( Dual String Example )

Eng !/0

Memory Memory

1’ I 1

m,, ””,

1<
1

I 1
1/0 !/()

a

A A A A

t t
Eng 1/0 C r i t i c a l

t
1/0 Sci  1/0

FEATURES

● Dual String Architecture; Each
● All With No Crossing Wires!!!

With Own Bus

/
Ott 16, 1994; Interoffice Memorandum; Savlo  Chau: An Optimal Architecture for Pluto Fast Flyby
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Dual String Example )

Eng 1/

Crft?cal  1/0

S c i  1/0

i-”krnq-y M e m o r y

6
I I

.

1 \ m

P-t
Eng 1/0 C r i t i c a l  1/0 Sci  1/0

FEATURES

●

●

Dual String
All With No

.

Architecture; Each With Own Bus
Crossing Wires!!!

Ott 16, 1994; Interoffice Memorandum; Savlo Chau: An Optimal Architecture for Pluto Fast Flyby d

I



Eng I

Cr!tical !/0

Sci 1/0

Dual String Example

Memory, Ptetiory

[ ?

.~/o.
~~o

1“’+

P

‘“l ~

Eng 1/0 C r i t i c a l  1/0 Sci 1/0

FEATURES

● Dual String Architecture; Each With Own Bus
● All With No Crossing Wires!!!

)L
Ott 16, 1994; Interoffice Memorandum; Savio Chau: An Optimal Architecture for Pluto Fast Flyby 4
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Dual String Example
R \

(

I
I

Eng

\

F’mory Iw7ibry

I
v

duil
-

L2Li
Y

I
1

f/o:. i/o

~
NOTE: 1 ), FLW eon~rols aa’~way, i t

2) Gateway a~d FDU can be merged ln!o one module. Eng 1/0 C r i t i c a l  1/0 Sci 1/0

FEATURES
.

● Dual String Architecture; Each With Own Bus
● All With No Crossing Wires!!!

\ A
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Triple Module Redundant

1/0 1/0 1/0
C r i t i c a l  !/0

‘ FEATURES

Q Triple String Architecture
● Each String Has Its Own Bus
● Simple& Easy



[
Triple Module Redundant

I v

Y

%%%

IE-J lL--_ll LL--l

V o t e r

I / 0 1/0 1/0
A FJ c 1

4 4 1/()
I i
v T v

[/0 1/0 1/0 1
Cr]tlcal 1/0

\ /
/

FEATURES \

● Triple String Architecture
● Each String Has Its Own Bus
● Simple& Easy

\ /
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Triple Module Redundant

@

Pwu
PWR

PWR
CPU

CPU

A

@@@mmm
IL--l 12---1 K--l

T +!’ V o t e r
4 ● +

1/0 1/0 1/0
A ~ ~

! + 1/0

I

T v t
1/0 1/0 1/0 I

Triple String Architecture
Each String Has Its Own Bus
Simple t!? Easy



Triple Module Redundant

l-mlml--hl
IL--I P--_-J lLL---l

1/0 1/0 1/0
A ~ c

I/()
I +

Cr~tical 1/0

FEATURES -1

● Triple String Architecture
● Each String Has Its Own Bus
● Simple t? Easy
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Triple Module  Redundant

l / O A

t
1/0

t
1/0 1/0

t
Crltlcal  1/()

FEATURES

● Triple String Architecture
● Each String Has Its Own Bus
● Simple& Easy
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Triple Module Redundant

ql[Memory Men
A B

1CPU
4J

EIE.
4

t
1/0

‘F1ry Memory

m’

L

I.-Gl
Ilc-’” ]
1

*

1 V o t e r

,1
1/0

c, [
4

I
t

1/0

● Triple String Architecture
● Each String Has Its Own Bus
● Simple& Easy



Triple Module Redundant
\

%%% .

[IL_l 16 I Ic I

V o t e r
T I I

I / 0 1/0 1/0
A PJ c

J
,

4 4 1/0
i i

t t v
1/0 1/0 !/0 I

Crltlcal 1/0
\ /
F

FEATURES

● Triple String Architecture
● Each String Has Its Own Bus
● Sirnp/e & Easy

J\

\

I

J
\
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( Triple Module Redundant )

E-Y’

t
1/0

t
1/0

t
1/0

t
critical  !/0

r

FEATURES

● Triple String Architecture
● Each String Has Its Own Bus
● Simple& Easy



Triple Module Redundant

i / O

I - v

t
!/0

t

●

●

●

I

Triple String Architecture
Each String Has Its Own Bus
SimpIe & Easy
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Triple Module Redundant
/

[

Men
A

r//
A

t
1/0

1 [
ry Mir

m’
L-..l

-4
I

1 ’
) r’y Memory

J+ Pmlt

m ~. C’rw I

1 V o t e r

L) ; - ‘

1/ 1/0LJ c

I
i /O

t
1/0

Critical ;/0

FEATURES J
\

● Triple String Architecture
● Each String Has Its Own Bus
● Simple& Easy



●

P o s s i b l e  A r c h i t e c t u r e s  “ )

PIPELINE

MIMD Cluster

Bjnary  Tree

Multiple Clusters

Faul t  To lerant  Archi tectures ● 0 ●  a n d  m a n y  o t h e r s

All usfngthis  approach and all with no intersecting wires!!!!!



●

The Space-Cube \

Architecture

● The Space - Cube Architecture is

- Processor Independent, Upgradeable
- Simple Interchangeable Modules
- Can Be Easily Configured into Complex Architectures
- Can Take Advantage Of Commercially Available Products
- Reduces The Cabling Between Modules To Simple

Board To Board Connections


